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ABSTRACT 


A practical solution to the problem of reaimizine 72a 
Signal processing method for a covert voice communications 
System WaS tne Ob }ectiveses the Gnesis. Spreaaeisvecrenm 
technology in the form of Golay complementary sequences 
implemented with acoustic surface wave devices was utilized 
to achieve this processing. 

The resultant device was an audio transceiver MODEM in 
which a specially coded form of pulse code modulation (PCM) 
was applied to a voice signal to enable application of the 
Spread spectrum concept. The technique exploited spread the 
3 KHZ voice modulation over a one MHZ bandwidth. A method 
of PCM synchronization evolved which achieves system send/ 
receive synchronization with a minimum of data loss and a 
minimum amount of actual hardware. 

Highly involved theoretical analysis was de-emphasized 
mi the thesis inorder twat engineering requirements  eourd 


be satisfied in the working device that resulted. 
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I. INTRODUCTION 


Despite the degree of sophistication modern communica- 
tions technology has attained, the problems of covertness and 
meeurity still pose serious threatesto militany foncessoner- 
ating in hostile environments. The problem manifests itself 
mi all scales of systems, whether it be large data communi- 
eat1ons networks, where long term sensitivity of the informa- 
mem May seriously affect nNattenalescceumits., or inethe 
Simplest two-way radio link whose information is relevent only 
Boa Specific local application. ‘The basic premase 1s 9Gha¢ 
regardless of the apparent importance of any transmitted 
mprormation, the use of this information by any hostile 
party could eventually be detrimental to the overall effec- 
mrveness of large scale operations. 

To date, the method of denying enemy the use of our 
transmissions has been to cover the information through 
complex encryption schemes, thereby obscuring the informatron 
content of channels to other-than-inteneded users. @ihs 
method is of course not to be undermined since some informa- 
tion retains its sensitivity for long periods of time and 
em an eventual compromise could have far reaching detri- 
Memtal effects on items of highest national security. The 
encryption @nd eventual decryption) process is realized by 


employing highly complex mathematical algorithms which code 
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the data to an appearance of arbitrary events and re-applying 
the algorithms to the encrypted Signal to retrieve the orig- 
inal information content. 

This of course necessitates the use of extremely complex 
hardware (and sometimes software) configurations which at 
times can be rather extensive in physical space consumption, 
@ause undesired reliability Proplens anad@icrease= tne joe 
of a system by a considerable amount. In the case of large 
scale communications systems, the security obtained may 
greatly outweigh these apparent disadvantages however, there- 
by fully justifying employment of such a scheme. 

However, large systems are not the only types which may 
require some degree of security, since an application in 
which a small single channel Circuit 1S utilized may have 
need for some type of cover also. When considering a small 
system, the tradeoffs considered above do not follow the 
Same set of ground rules, since compactness and portability 
mre usuallysprime GrigemiaeGGciay 2 SGube eam agreed chose 
Certainly the full cover utilized in larger systems would be 
attractive in ariler Un Dus masmiicleen DiLteatiMe COMpiex t yaa 
volved in the realization of such a scheme simply does not 
meomd itself to efficient solution cnvagsmaller scalle. Ihe 
main question that arises then is one of whether or not a 
Small communications system can be provided with the ability 
to make difficult hostile access to transmitted information. 
The answer to this question lies in the field of technology 


known as Spread Spectrum Transmission Methods. 
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Pee olLATEMENT OF THE PROBEM 

Many present United States military operations are co- 
ordinated by means of voice transceiver networks which vary 
in complexity from simple single-channel to multiple- 
subscriber several-channel systems. 

The information carried on these networks may be seem- 
pacly unimportant to, individualmusers sbut thescollectienmon 
transmissions on any one system may well lead to the compro- 
mise of a significant overall operation. It is evident 
that since the operation of a network of this type is ex- 
tremely simple, any intelligence effort conducted by a 
hostile force is very likely to give this force access to 
any or all of the information needed to surmise the nature 
Bf the military operation beige siumveyed. 

The necessity of making difficult hostile access to this 


information was the driving force for this thesis. 


B. DEFINING THE THESIS 

The initial consideration was that of defining what type 
me Security maui be best SUitca=termence application dc anand 
Communications S€CUYitY , aS eGerincambywhoday 'S sage. Tinleses 
mnie employment of highly complex encryption/decryption 
meiemes which ensure the long termesecurity of transmitted 
miLtormation. However, if one considers the nature of the 
information transmitted on these voice networks, it is eas- 
ily surmised that this data is extremely perishable, since 
within a few hours of disclosure, the missions controlled 


by the operation are completed, thus rendering the information 
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Mseless to any hostile forces. Thais inmdi@atessthat a lesser 
meoree of security would provide the ne@essam denial capa- 
bility, and a simple premise could then be invoked at this 
meant: If the enemy did not know the faet that you mere 
/meansmitting, he would then be unable to inercept your 
transmission and therefore would be denied the information 
merried in that transmission. With this hypoeghesis accepted, 
the problem falls into the realm of transmission security, 
marcovert communications, and the problem can be concisely 
meawed: "Devise a scheme that will intepmatembhe element of 
covertness into a small scale audio transceiver network." 

1. General Considerations 

The general nature of the problem statement presented 
mewide range of sclections for the specifig thesis appllica- 
tion. The main question that arose was "What type of product 
and how much of this product would be necessary to satisfy 
Pine requirements imposed?'' Development and presentation of 
mepurely theoretical solution to the problem was considered, 
but the value of such an approach was deemed unsatisfactory 
Since-it would not actually Solve thesproblem at all, but 
mistead would advance the problem solution no further than 
mas Original status. 

To the other extreme, fabrication of an entire work- 
mee finished product would also have adverse effects. The 
Circuitry required to realize such a system would have in- 
Cluded devices which would have little or no bearing on the 


actual problem solution (the covertness) since amplifiers, 
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transmitters and receivers and associated antennas would be 
memuired. Design and construction of these components would 
have demanded a significant amount of effort which would 
tend to obscure the importance of the actual coding and hard- 
ware required to accomplish the covertness and thus detract 
from the area where all of the concentration was required. 

The approach decided on then was to design and fab- 
mcate a working model which*would completely realize he 
mieory involved, while at the same time would represent 
neither a purely theoretical research effort nor a finely 
detailed working system. As previously mentioned, the most 
mrkely candidates for omission were the transmit and receive 
Stages, or RF stages, and various stages of amplifiers. With 
mrs in mind the problem then degemerated to eme of design 
ma construction of a voice modulator-demodulator (MODEM) 
unit with an IF output/input which incorporates the necessary 
hardware to provide a capability of covertness for eventual 
transmission. 

2. Physical Considerations 

Simnee the €ventudl Civculiry som laminae LO ene nim 
Serporated into the same operational medium as the present 
MeewOrk, the first set of criteria considered was that of 
compactness, reliability, cost and simplicity. Compactness 
indicated that the use of integrated circuitry (IC) would 
be required, and specifically the use of standard “off-the- 
aie. integrated circuits would enhance reliability and 


ieemimize the cost. Simplicity would then follow as a natural 
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mesult since integrated circuits allow tiemsystem=tombe 
designed in functional modules, as opposed to integrating 
many discrete components. 

5S. Theometiical Considerat noms 

To realize a covert transmission network it was 
evident that some type of signal processing would have to be 
employed that would spread the spectrum of the baseband 
Signal and thus allow the same total energy to be transmitted 
at a lower amplitude and be buried in the surrounding noise 
Meyel. The ability to extract this signal from within the 
noise implied that a significant amount of signal processing 
merida be required at the re€emyvereacewcem. Tats processane 
mas then the next logical consideration. 

Since the transmitted signal was to be dealt with in 
merelatively noisy medium, all stages of processang had tombe 
melatively inmune to noise interaction. It was decided that 
the audio signal would first be digitized, and processing 
could commence at that point. The first stage of processing 
mes to be the modulation of the digitized signal. 

There are several egres (ac JU ILS inerehOUlel core wn USE 
today, a partial list of which includes pulse amplitude 
modulation (PAM), pulse position modulation (PPM), pulse 
width modulation (PWM) and pulse code modulation (PCM). If 
eme considers the first three of these however, it can be 
seen that the information is dependent upon actual pulse 
@raracteristics, which could be Scr neuemywartectedywhien the 


Signal lies within the noise levels. PCM however uses only 
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the presence or absence of pulses to convey information, thus 
giving the greatest degree of noise immunity over the other 
modulation types. It was therefore decided that pulse code 
modulation would be the first stage o£ the @verall signal 
mMrocessing scheme for this app¥iecatiron. 

Representation of the binary states was the next 
item of consideration. Since it was previously stipulated 
that the eventual product would be kept as simple as possible, 
on-off keying (OOK), which implies the presence of @nerpy to 
represent the "on'' state and the absence of energy for the 
"off'' state, was the most obvious choice. 

In. order to allow tne tranciwiesed signaleeo be 
extracted from the noise by an intended receiver, 1t vas 
necessary to employ a processing scheme that would coherently 
fasperse the PCM signal energy such that the signal process- 
me gain in the retrieval process would be large enough) to 
imerce the buried signal to withim detectable proportions: 
Representation of each of the PCM pulses by a predetermined 
minary sequence, coupled with matched filtering at the re- 
mever was the preliminary choaee, simce the PCM form tne 
Signal would be completely compatible with digital processing 
methods. This choice had to be further refined however since 
Mraterent lengths and types of codes yield quite different 
jmesuilts in the autocorrelation process. Further considera- 
tion then generated the additional requirements of high noise 
immunity, low probability of error (ambiguity) and non- 


interference in the case of code overlap caused by a 
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eurticiently high data rate. lier eee ae requirements led 
to the employment of a coding scheme that until now had not 
been used in a practical communications system - Golay 
Complementary Sequences. It Was Pune rideemdeds (haus 
coding would be realized through the use of acoustic surface 
wave devices. 

Having specified the type of signal processing to be 
Paployed in the finashedsomeduct, ene sccope of the thesis 
mad thus been defined. The next step was to design and 
mabricate the hardware required fommeasazeerne Concepr etic 
meocess of which is described in part Tif of this thesis. 
However, in order to acquaint the reader with Golay 
complementary sequences and acoustic surface wave devices, 
wart Il of “Che thesis  rovrdesma Drrer butepertinen tei mtn. 


duction to both of these topics. 


ey 








Til. REALIZATION OF The Col iNGe Serer 


This section provides the reader with sufficient back- 
Pround on surface wave devices and Golay sequences to be able 
jm tollow the design and fabrication of the MODEM hardware. 
No attempt is made here to present the theoretical concepts 
merolyed with these two subjects. For amore complete pre- 
Bemtation of surface wave devices and their applications, 
Mets. 1 - 5S should be consulted. Similarly, Refs. 6 and 7 
mrovide a more complete background on Golay complementary 


sequences. 


mee 60ACOUSTIC SURFACE WAVE DEVICES 

Acoustic surface wave devices (ASWD) operate on the 
Meincipal that a physical wave will propagate on the surface 
Mean elastic solid, a principal investigated by Lord 
me reigh in the nineteenth century, and accordingly these 
waves have come to. be known as "Rayleigh Waves". More 
meecitically, these surface waves propagate at a velocity 
10° Slower than that of free space electromagnetic waves, 
independent of frequency, which implies that the surface 
wavelength will be scaled down by the same factor. 

It was discovered that in the case of a piezoelectric 
Solid, these waves could be excited electrically, and con- 
versely the physical wave could be ves convered LOmerce ti lec 


Pm@ergy. these basic concepts are best illustrated by example. 
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ELEMENTARY SURFACE WAVE DEVICE 


Figure 1 depicts a piezoelectric crystal, such as quartz, 
upon which has been deposited aluminum fingers, or trans- 
ducers. For example purposes, consider the dimensions shown 
to be as follows: d equals 0.03 millimeters and a equais 
mee omillimeters...1f transducemeAsiseemenecdsivean electri— 
cal impulse the convolution process of this impulse with the 
transducer will result in the launching of one sinusoidal 
@7cle on the substrate surface. The dimension d is equal 
to one-half of the surface wavelength so the overall wave- 
memeth is 0.06 millimeters. This wave will propagate at a 
Mmemocity of 3 x OE meters per second (10° slower than free 
space neileeiiess and will therefore arrive at transducer B 
Meemicroseconds later. The energy in the physical wave will 
een be coupled out of the device by transducer B and one 
Mele of electrical energy will be present at the output. 
Since the surface wavelength was 0.06 millimeters, applying 
ene iL conversion factor yields a free space wavelength of 


Be meters, or a frequency of 50 megahertz. This simple 
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Eeample serves only to illustrate the properties mentioned 
mreviously, but simple architectural modifications to the 
transducers could be applied to modify the device for a 
Beecific application. As an example, assume it 15 desired 
fo generate a phase coded sequence of four sinusoidal pulses. 
mis further stipulated that the individual pulses are to 
moentain four cycles of 50 megahertz frequency, and the rela- 
tive phases of the sequence pulses are + + + -. A surface 


Meeeecevice that will accomplish this Gseenewieiie polre 2. 
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PHASE CODING ON A SURBACE WAVE DEVIGE 


Meeansducer A, the launch transducer, is composed of four 
cer Pairs 50 that if an impulse 15 aylicdeat ties ines 
BOour sinusoidal cycles will be launched on the substrate 
Surface. Close inspection of the four receive transducers 
Shows that the phase coding is implemented by the relative 
Mesitions of the finger pairs. Transducers B, C and D are 
in phase with A, whereas transducer E is 180 degrees out of 


phase with A. Therefore the waveform that is coupled out of 
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the device by the set of receiver transducers is as depicted 


in Figure 3. This waveform exhibits the desired properties, 


ie 





PHASE REVERSAL ‘ 


PTGUIRE 3 


IMPULSE RESPONSE GE@ASoWw) Gl t 1 GURERZ 


miat isi the relative phasesmemeelicmpimesccmanc + + Ou. 
The following section extends this application of ASWD's 
to show how they may be used as matched filters for Golay 


Sequences. 


fee GOLAY COMPLEMENTARY SEQUENCES 

Concisely stated, Golay complementary sequences are those 
binary codes which have an infinite correlation peak to peak 
ambiguity ratio when deweened Witt aematch@d filter. As 
previously stated, no theory is to be presented as a part of 
moms thesis concerning these codes and appropraate references 
fewe made. Instead, a simple example illustrating this unique 
property will best suit the purposes of the reader for this 
meplication. Suppose it 1S given that the binary sequences 
111 0 and 1101 are in fact Golay complements. These 


sequences could be represented by phase coded waveforms as 





@r1ted in the previous example by assigning to two Separate 
maulse trains, A and B, the relative phascss7)+5..- and 

[+ - + respectively. The two sequences could be generated 

Dy two distinct surface wave devices. To generate the auto- 
Correlation functions of these sequences, a minor modification 
to the devices must be made in the form of an added trans- 


Bucer as shown in Figure 4. Assuming one device for each of 
=- @ ay > + 
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ADDED TRANSDUCER 


PIGURingg: 


ASWD MODIFICATION FOR CORRELATION PROCESS 


the codes, the process would be as follows. If both ASWD's 
Meee excited by the same impulse, apolied at port X, then 
the two waveforms coupled out from port Y would be of equal 
length and would be phase coherent. A matched filter tech- 
nique would then be used to generate the autocorrelation 
functions. Consider the case of code A. If the bi-phase 
mepresentation of this code was fed to port Y of its matched 
ASWD, then the autocorrelation function Ran would appear at 


pomwt Z. Tabular computation of Ran 1S Piven in Tablewr. 
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7 +++- -] 0 
fo 

2 t++- ao leraie at 
Ree 

4 +++- eye wipe ee ys! 
eee 

5 +++ - Sic" 4a 
eee 

6 +++ - =) 0, 24) 1G 
oe 

7 stellate So (eee eed enc: ttt Feel @ ert 
a 

TABLE 1] 


COMPUTATION OF Ran 


mine sequence -1 0 1 4 1 0 “PSivepwecei owe erry e piace 
and amplitudes of the pulses comprising the function Raae 
Similar analysis for code B would yield Rpp equal to 
10-14-1041. The property of the Golay codes is such 
that the algebraic aun of the auitoeemeelatvon funetions must 
me obtained to produce the resultant correlation function. 
minis function is shown in Figure 5;. The resultant correla- 
Meo scquemec 1S then 0 URC S$ 0 0 Uf which exhibits the 
property of an infinite major peak to sidelobe peak ratio, in 
addition to a 3 DB major peak gain over the single code case. 


Mene@e this is the best theoretically obtaimabile correlation 


result (least probability of ambiguity between the major 
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peak and sidelobe peaks), then it was hypothesized that in 


Ran? -1 03 ae 
Rep: 0S — 1 20 
Ran ss Rep: 0-0 0 30 0m 
PUG Ss 
SUMMING R AND R TQ OBTAIN THE CORREA TON 


AA BB 


practice it would also be the best result. 

Hhe ~increased processing Gaim {Convent rona)! seodce ould 
yield a final correlation peak of amplitude 4 with the addi- 
mon Of Gxs tinpescacde lobeaieiipiicdmbiat 1 a NOlsy environ 
ment this coding scheme would work best. Furthermore, it can 
Be shown that in the Case vert Cede wovemia), ciate ree the case 
marere codes A and B are transmitted pervodically such that 
the individual codes overlap, the resultant correlation 
process will yield a unique set of correlatiom peaks with no 
sae lobe interference. This phenemenen ws edenomserated in 
mae MODEM operation description in parts!’ Of this report. 
Golay complementary SCOUCH CES Wee Mote rOncuchascieLtOr use 


in the resultant MODEM. 


fe ACTUAL MODEM CODING SCHEME 

The actual Golay sequences used in the MODEM are of 
Mength sixteen and are shown in Figure 6. Based on the 
previous analysis, it can be seen that in the normalized case 


the individual autocorrelation functions will have major 
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FIGURE 6 
GOLAY SEQUENCES OF LENGTH SIXTEEN 


peaks of amplitude 16, and the sum of these will yield a peak 
of amplitude 32 with complete sidelobe cancellation. 

These codes were in fact implemented on acoustic surface 
wave devices employing a special architectural layout of 
the transducers. A photograph of one of the devices is shown 


in Figure 7. 





FIGURE 7 


ACOUSTIC SURFACE WAVE DEVICE (MOUNTED) 


Z5 





On a single quartz substrate were deposited two devices, 
me each for code A and code B respectively, giving the 
effect of a single device generating both of the sequences 
m@imultaneously. In the photograph it can be seen that there 
mee Single transducers at both ends and sixteen bi-phase 
mened transducers in the center. Each transducer consists 
me ten finger pairs spaced such that the center frequency of 
the devices is 21.4 megahertz. 

For a detailed description of the Golay sequences and 
the ASWD's, including physical characteristics, impulse 
response and autocorrelation processes, the reader is re- 


erred to Appendix A of this report. 
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Ill. SYSTEM DEST GN®AND FeaeielC Al ON 


System design and fabrication was predicated on the 
criteria previously mentioned. That 1S, it is to be a work- 
ing model which employs the acoustic surface wave devices 
and Golay sequences to illustrate how an audio signal may be 
dispersed in such a manner that in a transmitted form the 
Signal would be below the inherent noise level, and at the 
Same time an intended user could compress the signal and 
Mmetricve the information content in the simplest way possi- 
ble. Since the MODEM was to be illustrative of the involved 
Principals, the necessity of a functional breakdown of spe- 
miic circuit functions wus needed. That is, the funceicns 
@: modulation, dispersion, encoding, dococ ine and compression, 
and demodulation would have to be physically separate in order 
Mmeepresent a clear picture of the entire signal proece-csime 
scheme. This provided the guidelines for the eventual pack- 
aging of the final product. The first step however was that 


of deciding what these actual functions would be. 


fee 6OOVERALL SYSTEM DESCRIPTION 

Figure 8 depicts a gencral block diagram of what a com- 
mete transceiver would consist Gf. Basically, the audio 
eeonal is processed into a form suitable for transmission, 
fed to the transmitter stage in this form and accordingly 


meesent Out Over the air at a Wevel sucha that at the receiver 
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mmeesional is buried in the noise. At the receiver the pro- 
men trequency band is received and fed to the inverse process- 
ing hardware, which extracts the signal from the noise and 
meocesses it back to an audio output. 

Since the major concern of thissthesispwas the progeceum: 
of the signal into and out of a dispersed format, it was 
Meerded to eliminate the transmit and receive RF stages and 
meee tore channel all of the effort to the signal processing 
aspects. The general block diagram then took the form shown 
Mmeerigure 9. 

Using this representation asa Starting point, the first 
Maex Was to decide on the physical format of the finished 


Product. Some considerations involved in this process were 
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MODIFIED GENERAL BLOCK DIAGRAM 
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mer the device was to be as self-contained as possible. This 
feature would greatly simplify set-up procedures and provide 
for a cleaner looking set-up. (2) The major functions 
involved in the various stages of signal processing should 

Pm physically segregated in order to make more effective the 
Mmeesentation of the device. This would ease the understand- 
mre of the principals involved since a signal could be 
logically traced through all stages of processing. The 
format decided on then was as shown in Figure 10. 

At the transmit side an audio signal would be fed to a 
unit that would pre-process the signal into a modulated 
iermat, the output of which would basically be a pulse code 
modulation representation. This signal would then go through 
Beeinterface unit, which would transform it to a form compat- 
mpble with a dispersive device, which would apply the Golay 
meng to the signal. At the receive side the incoming 
feenal would be compressed, thereby simulating the extraction 
from noise, and an interface unit would then make this repre- 
Sentation compatible with the demodulation unit. This unit 
meeed convert the reconstructed PCM signal back to an audio 
form. An additional desired function was that of providing 
power to the individual active units, so the decision was 
made to fabricate a self-contained power supply as well. 
mihe only function that would rely on external components 
would be that of amplification of the signal in its RF 
format, which would be accomplished through the use of 


laboratory type amplifiers. 
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This functional breakdown provided for a more logical 
design and fabrication process, as the system could be 
designed and built from the "outside-in". This evolution 
process is shown in Figure ll. 

In its final form, the system was constructed and pack- 
seed as shown in Figure 12. Description of the individual 


functions is provided in the following sections. 
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B. THE MODULATION SCHEME 

The modulation and eventual demodulation of the audio 
signal is accomplished by the Wnats Tabelled) SEND PROCESSCR 
and RECEIVE PROCESSUR@respectiwely. the requiremenes wiposed 
on these units were (1) conversion Of the audio signal fo.d 
aicital form, (2) pulse code modmiatuaon of this digital 
emeemal, (3) formatting the HUM sigmal such that timine syn; 
chronization could be achieved, (4) demodulation of the PCM 
e2enal, including extraction of the timing information and 
(S) conversion of the reconstructed digital signal back to 
an audio form. 

Item (3) above evolved into one of the more significant 
aspects of the thesis and resulted in the docketing of a 
patent disclosure [Ref. 8] on the timing concepts that were 
meveloped. For purposes of readability however, only sthe 
actual signal format will be presented in the thesis body, 
and the theory involved in the synchronization concept is 
Sutlined in detail in Appendix B. 

ie oenae rE rOCeS 50m 

A block diagram of the send processor is depicted 
mimrigure 13. The circult Conmsadses of an audio preamplatier 
which amplifies the incoming signal to the full scale range 
of the next component, the analog-to-digital (A/D) converter. 
The audio signal is sampled at a predetermined rate, which 
m determined by the tamingeherdwawe, This rate is adjust- 
able, but due to timing limits imposed by the A/D converter, 


mais rate is nominally Seteat sapproximately 15 kilohertz. 
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SEND PROCESSOR BLOCK DIAGRAM 


The signal iS qQuantizedeto encmt tevel seeder cian 


Mmezome process, resulting in a $-bit binary representation 


Seeeach sample. These three bits are fed to a parallel-to- 


femoal shift register, which the timing hardware uses to 


manipulate the data into the PCM format. The timing wave- 


forms are as shown’ in Figure 14. 
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A digital oscillator produces tie@iaseer  tinimns fue; 
mebOCK), which are modified by logic Circuitry to produce the 
merual timing signals used in the circuit. The» pulse CS 
serves to accomplish three functions: (1) its leading edge 
triggers the sampling process in the A/D converter, (2) the 
Bieegh"' state serves to disable parallel entry of data into 
mee shift register during the conversion process gand (3) the 
mertling edge causes the newly converted data to be fentered 
mameparadllel into the register. The shift Yegister is 
clocked by the waveform CP, so that the shifting operation 
Mectirs Only during the first four clock intervals of each 
S-bit frame. Note that the first bit of the shift register 
#s hard-wired to a "high" level. This will generate the 
Berame bit'' of each frame, and the resultant output data 
stream will be as shown in waveform Q. This format is such 
that the first bit of each frame is the frame bit, followed 
Meeeche three bits of data, which in turn are followed by 
meur blank clock pulse intervals. The format of the outgoing 
Seenal therefore adheres to the requirements of the synchro- 
nization concept described in Appendix >. 

ye Receive Processor 

A block diagram of the receive: processor 1s shown 
mmeereure 1S. This circuit consists of a phase locked loop 
which is used to lock on to the incoming enane bits and 
memerate the timing for the remainder of the circuit. A 
memial-to-parallel shift register accepts the incoming data 


meneam and has its parallel outputs tied to a buffer register, 
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RECEIVE PROCESSOR BLOCK DIAGRAM 


Beech is used to hold the 3-bit samples for the digital-to- 


analog (D/A) conversion process. The output of the D/A 


converter is then fed to an audio preamplifier and power 


Saplitier to produce the desired output. The associated 


timing waveforms are shown in Figure 16. 
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The voltage controlled oscillator (VCO) in the phase 
iteeked loop generates the receivermia-rer clock pulses . GD, 
Timueheare wased to clock thesamou tee eed cle ter ee See 
scribed in Appendix B, this waveform is locked onto the 
frequency of the incoming signal, so the data will in fact 
be shifted end-off through the register. lhe incoming data 
7S also fed to the word pulse generator (WPD), which 1s used 
to serve two functions. First, the leading edge of this 
mise 1s used by the PLL to pitgse Bock on Cvery ene rice 
mercrD, which 1s depicted) CPs, ame this emoure Send. 
receive clock synchronization. The trailing edge of WPD is 
meed to perform the paral®eieentry ct data intowtheunuwaen 
megister which, as outlined in Appendix B, will occur ien 
mae proper data frames reside in the shift resaster.. | There 
mere the proper data bits are converted back to analog ston 
and will appear at the output of this unit as a voice signal. 

All of the integratedwciveurts Used 1m) tie eames 
tion of the send and receive processors were standard off-the- 
Shelf type, which was in keeping with the original set of 
menceria. Ihe exact detaliemeurriccesin1l (Ss ye Ine ld Ino 
ing diagrams, description of IC's used and individual IC 


functions are presented in Appendix C. 


Oe «6INIERPFACE ELEMENTS 

Havine compuletedmaie fabricatwommo, the Sendwand réeeecive 
Processors, the status of the MODEM had advanced to Step 2 
of the evolution process shown in Figure 11. The next 


logical design step was that designing the elements necessary 
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to interface the PCM signal with the acoustic surface wave 
ie VvGe’s . 

Since each pulse of the data stream was to be used to 
maenve the ASWD's, it was necessary sto experimentally deter - 
mame what type of driving function should be used for this 
Berpose. Up to this point only electrical impulses haqwbecn 
used for this process, but it was discovered that the amount 
of energy this method supplied to the devices was insuffi- 
mment tO Warrant usage in a practical application. Instead, 
eepulse of RF energy whose width was kept in the ranpe 0.5 
merit. l microseconds and whe@se arrier frequency was close 
to that of the center frequency of the devices produced 
resultant correlation peaks that were greater in amplitude 
and of the same resolution as those in the impulse case. 
Mmewas therefore decided to use this type of driving function 


meeexcite the ASWD's. 
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RF PULSE GENERATOR BLOCK DIAGRAM 


Poet sEbeSesGenecra tor 
The resultant send-side interface unit, the RF pulse 
Benerator, 1S Shown in block diagram form in Figure 17. The 


mercuit employs a free-running Crystal controlled oscillator 
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whose output frequency is 21.35 megahertz, fed to one input 
mae multiplier circuit. Tiesether amput fer the suite) ier 
is driven by the data stream created by the send processor, 
Habelled Q. This process has the effect of gating the RF 

energy “on" during the occurance of a data pulse and gating 
mee off'' when no pulse is present, which 1s sh@wn in Figure 


ieee 6©cLherefore the pulse width is controlled by the width 
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VOLTAGE WAVEFORMS OF RF PULSE GENERATOR 


Sethe pulses in the pulse train Q. § This pulsed RF is then 
fed to a power splitter to provide two identical outputs, 
which as the reader may recall is necessary since two ASWD's 
(the Golay complements) must be driven simultaneously. 
Z. RF Peak Detector 
AC tne receive Side Ol ethem be bet was requirTrédsre 
micerface the correlation peaks of the ASWD's to the input 


Pr the receive processor. This is the function performed by 
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the RF peak detector, which is shown in block diagram form 
in Figure 19. Figure 20 depicts the waveforms associated 
meen the various stages of this circuit. 

The correlation peaks from theeis) seirce: cou taneman 
mesimple diode detector which extracts the envelope from the 
MeaxsS. this waveform is then fed to a variable eurecnnole 
comparator which outputs a pulse of fixed width and amplitude 
Seeoever the input crosses the reterence level voltage. Jihms 
meerse is then used to trigger a monostable multivibrator 
mmse Output signal (QD) is compatible with the receive 
meocessor circuitry. The pulse width of this signal is a 
Mmariable parameter, to allow for sliehtwinstabirimties in the 
timing synchronization hardware. The receive-side interface 
meechus achieved. 

The evolution process iad weius = precresscds1 0) sem 
Seerigure 11, leaving only the addition of the acoustic sur- 
mace wave devices to complete the MODEM fabrication process. 
mere a detailed presentation of the interface clements, the 


reader is referred to Appendix D of this report. 
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D. THE COMPLETED SYSTEM 

To complete the MODEM fabrication, the acoustic surface 
wave device, RF amplifiers, microphone and speaker were 
then included. Also, a self-contained power supply was 
fabricated and included as part of the overall system which 
1s shown in Figure 21. As previously stated, the MODEM was 
built in functional modules, so the componenets of the 
physical device match one-for-one the blocks shown in 


mreure 21. 
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Appendix E contains a detailed description of the power 
supply wiring, as well as the physical details on the MODEM, 


such as cabling and external test point connections. 
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IV. MODEM OPERATION 


The most effective way to deseribe tie operation of the 
MODEM is to trace the various stages of signal transformation 
fmomourh the Circuitry. “iMgoeeeelOne lio tha tc cmecum meee 
signal representations and timing waveforms throughout the 
system by means of photographs, which are shown in Figures 
@e through 34. Instead of teferrine Gorrnese pnoved amos ey 
saeure number, the following narrative traces the siendieain 
faye order corresponding towthe tieure sequence. 

In the send processor the master clock 15 1unni my sored 
meecgquency of 125 kilohertz, thereby producing a continues 
fercam of timing pulses (GEOG@K). Silas pulse train ts eda 
fied by logic circuitry to prodwee the actual timime wavetorm 
(CP) used in the processor. Am incoming audio signal as 
Sampled upon the occurance of the convert start (CS) pulse 
meer the 3-bit result 1S StOrec@we Shite reg iterer., Crime 
then used to clock the yepister, thereby producing the @aex- 
matted PCM output illustrated by Q. The sample in this 
example is a binary 1 1 0, which corresponds to a half scale 
value at the A/D input (the bits are arranged in reverse 
eraer, least Significant to mM@st Sienmaricant in the frame). 

im the Repulse vencratousmcarOccuelator 1S CeMerat rma 
Gontinuous sinusoidal waveform of Zl /Sm megahertz frequency 


which is modulated by Q and split to produce two output 
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Streams of pulised RF™(RF PULSES). Them@widtheot@ these puke: 
is variable, and is equal to the pulse width of Q. 

The pulsed RF is then used te excite Ee acoustie@surtace 
wave devices, the outputs of which are depicted by ASWDA and 
fowDB. It is of interest temmememthat these responsesmameier 
radically from the impulse responses shown in Appendix A. 
Also note that the 16 microsecond long ASWD responses over- 
aps since the data rate teeeeeerilonertz. 

These responses are then amplified and fed to the re- 
spective matched ASWD's, which produce the autocerrelation 
fume t10NS Ran and Rep: Inspection of these functions 
reveals that even though the actual coded waveforms gener- 
mecd by the dispersive dewice are quite ditftcrents snore 
impulse driven case, the autocorrelation functions are in 
fact the same as in the impulse situation in Appendix A. 

These fumetions Are ine umiecamrospreduee, the resultant 
correlation peaks (Raa a Rap) > Witchmanreethemmenvelope de- 
tected, as depicted by ENV. Note that even though the output 
ef the diSpeeSive devices Cxhaimee deqieovc mee condition, no 
sidelobe interference was produced in the forming of the 
final correlation peaks. 

The envelope function is then fed to a voltage comparator 
to produce pulses which undergo amplitude and width modifi- 
macions for Compatibility purposesserecsculting in the recon: 
structed PCM signal QD. This representation lags the orig- 
mial PCM signal (Q) by 16 microseconds, which is a result of 
the delay created by the signal transition time in the surface 
mauve devices. 
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In the receive processor, QD is used to generate a word 
pulse (WPD) whose trailing edge coincides with that of the 
last data pulse in a frame of QD. The voltage controlled 
oscillator in the processor produces a continuous stream of 
timing pulses (CPD) and every eighth of these pulses (CP8) 
1s extracted and phase compared with WPD to obtain a con- 
Stant phase difference, which achieves send/receive syn- 
chronization as shown in Figure 34. The waveform CPD then 
clocks QD through a shift register and the trailing edge of 
WPD performs the retrieval of the proper data frames for D/A 


conversion. 





FIGURES 22 


CLOCK, CP 
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FIGURE 23 
CP o4Gs 





FIGURE 24 


CP, Q 
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FIGURE 25 


RF PULSES 
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ASWDA, ASWDB 
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FIGURE 29 
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FIGURE 31 
QD, WPD. 





FIGURE 32 


CPD, CP8 
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FIGURE 33 
CP8, WPD 





FIGURE 34 
CLOCK, CPD 
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V. CONCEUSEONS 


= ee 


At the outset “of thts” repor@e=eitce statement was made to 
the effect that the finished product was to be a working 
model which would illustrate a technique whereby an audio 
Signal could be processed into a form suitable for spread 
mecetrum transmission, thereby ™piving the feature of covert- 
Mess tO a simple transceiver network. The actual MODEM 
mere loped does indeed fulfill these requirements, as has 
been illustrated in the preceding sections. The fact that 
mms a2 toy’ implies that am ats completed state, the pres- 
Eeme System could not be used 1m @n actual operational 
Peerronment, but instead it realizes the theory required for 
em eventual design and construction of an actual transceiver. 

im addition to fulfilling GQhemvedumremcnts conceriecde with 
@mrcuit design, reliability (wealized Wy use of standard 
components) and simplicity, the added feature of a simple 
eee etficivent synchronization concept for®a spread spectrum 
PCM system also evolved and was built into the Crreui tye 
Mewever, there’ are still many areas in which the MODEM could 
be expanded and improved upon to bring the solution of the 
original problem even closer to a completed state. Since 
the groundwork for an operating transceiver had been solid- 
maved by the realization of this MODEM, it was appropriate 
at this time to recommend topics of possible follow-on work 


which could be pursued toward the complete problem solution. 
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The first area of concern ™msmene Pact thate the trans - 
mission in its present state is an on-off keyed (OOK) signal. 
A better method would be to employ a type of phase shift key- 
img (PSK) where one phase of a carrier would represent the 
logical "high'' state and a second phase would represent the 
meeical “low' state. This would have the etfect of having 
a continuous transmission on the air which would further 
meauce the possibility of detection of the signal by a non- 
amtended receiver. Realization of this type of keying would 
of course require some type of phase synchronization between 
the send and receive processors, in addition to the timing 
Synchronization already employed. 

A second area of possible improvement is the method of 
meaeectcine the correlation Peaks as performed by the RF peal 
detector. The present method uses a voltage comparison to 
meoredetermined threshold, a method which could possibly 
be ineffective in an exceptionally noisy environment. 
miewcad, some type of signal-to-noise ratio detection could 
Pessibly be used so that the ability to detect the signal 
would not depend entirely OM) thew present LTrequirenenc Gia t ene 
peaks be at some fixed voltage amplitude. 

ime third consideration 1s of course design and fabri- 
cation of RF amplifiers of transmitter and receiver stages to 
make the device completely self-contained and therefore even 
mueser to the final desired format - an actual transceiver. 
imtethis state actual on-the-air analysis of the transmitted 
erenal could be performed, and possibly could result in the 


addition of further design modifications. 
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In -any event, the inatial task of paemons pacing 
meeonal processing technique has been readized, and 10 1Se ui 
mene Of the author that future research and development wild 


eventually lead to a complete operational transceiver network. 





APPENDIX A 


ACOUSTIC SURFACE WAVE DEVICES AND GOLAY SEQUENCE SPECIFICS 
Figure 35 shows a photograph of one of the ASWD's as it 


was connected in the circuit. The casing in which the device 





FIGURE 35 


ASWD WITH EXTERNAL CONNECTIONS 


is mounted was milled out of a solid block of aluminum that 
measures 4 inches long by 2.2 inches wide by one inch thick. 
The top of the casing, seen in the photograph, was milled to 
allow sufficient space to mount the quartz substrate and to 
allow the inclusion of electrical feedthroughs from the 


external connection cavities on the reverse side of the 
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casing, shown in Figure 36. There are six of these cavities, 


one for each of the three ports of each device, and each 





FIGURE 36 


ASWD BOTTOM VIEW 


contains a transformer to obtain an impedence match between 
its respective feedthrough and a 50-ohm SMA external feed- 
through connector, which allows coaxial cable connection to 
the device. These connectors can be seen in both Figures 35 
and 36. 

The quartz substrate proper measures 3.0 inches by 1.5 
inches by 0.1 inches and the 2000 Angstrom thick aluminum 
deposit occupies a total area of 2.6 inches by 1.5 inches. 
The deposited devices are composed of a single, ten-finger 
pair transducer at each end and sixteen phase coded ten- 
finger pair transducers in the center. This phase coding 


is the feature that actually implements the Golay sequences. 
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The relative phases of all transducers is shown in Figure 37. 
Being the techniane outloned in lable 1 =the autocorrelation 
ASWDA: i 1 Oe ea eee eae ome () 1 
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ASWD TRANSDUCER PHASE CODING 


functions of these codes coulc@wpewoneaimecdeanceinem:esults 
would have major peaks of amplitude 16 with associated time 
fee lobes. The sum of these would then yield a major cor- 
felation peak of amplitude 32 math complete sidelobe 
@ancelation. 

This phenomenon was in fact produced by utilizing the 
m@eulse responses of the devices, which are depicted in Fip- 
mre 58. This response was obtained by driving the devices 
meee an electrical pulse of 30 nanosecond width. Each 
response is comprised of a sequence of 16 pulses of 21.4 
[eeanertz frequency. Each pulse 1S one microsecond wide, 
hone the overall sequence a length of 16 microseconds. 
The shape of the individual pulses evolves from the convo- 
mr1on process on the substrate of 10-cycle rectangular 
Surface waves with each of the 10 finger pair receive 
transducers, which yields individual pulses containing 20 


cycles of the carrier frequency with a diamond shaped 
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FIGURE 38 


ASWD IMPULSE RESPONSE 
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envelope, as shown in the expanded view of Figure 39. 


ure 40 illustrates the phase coding of the impulse responses 


the first 


In this case 


by summing the waveforms of Figure 39. 


and the second 


tive, 


and therefore addi 


hase, 


in p 


pulses are 


pulses are out of phase and thus tend to cancel each other. 








FIGURE 39 
EXPANDED VIEW OF ASWD IMPULSE RESPONSE 





FIGURE 40 


IMPULSE RESPONSE PHASE DIFFERENCES 
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The autocorrelation functions were then obtained by 
feeding the impulse responses to the appropriate matched 
devices and the results were as shown in Figure 41. These 
waveforms clearly depict the dominant center peaks and 
associated time sidelobes. The sum of these was then taken 
and the resultant center peak enhancement and sidelobe can- 


cellation that resulted was as illustrated in Figure 42. 





FIGURE 41 


AUTOCORRELATION FUNCTIONS 
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FIGURE 42 


SUM OF AUTOCORRELATION FUNCTIONS 
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APPENDIX B 


PCM SYNCHRONIZATION INGA SPREE or ECIRUM APPLIGATLON 

The concept presented here as conccrned with Simienro- 
nization of a pulse code modulated (PCM) system for use in a 
Spread spectrum applicatiomeopecitically, the problem is 
that given a stream of digital data which represents a PCM 
Signal, how does the receiver decide which groups of bits 
constitute individual data frames. The present method of 
eecomplishing this amvolves periodic transmission, Cf aecodced 
bit group which is used by She seein as a time reference 
from which the incoming bits are counted in increments of 
me known word-frame lengthy tovachicve proper data Tetmicval. 
This implies the necessity of complex pattern recognition 
hardware at the receiver and in the event of transmission 
frror, a loss of a SIenieteant amount of data. “in @ spread 
spectrum system, this problem can be solved simply and 
efficiently, as jeserey in the following paragraphs. 

At the transmit side of a communications system, a signal 
1s Pennaipedieanid puLsSeseedc Meduletedstomsay ~anebits. iis 
implies that each data frame to be transmitted must contain 
ae least these n bits. AS previously stated, the specific 
problem at the receiver is one of deciding when a frame of 
daa LS present in order tomsuccessfully retrieve the 


transmitted data. 
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A block diagram of the transmitter timing is shown in 
Fagure 43. <A master velock Ws erunmtmmigeet sa fixeavrate.. wien 


PARA Ei O= 
SERIAL Rigtiod Eix 







| lo FRAME > “a ea 
CLOCK FORMATTER | shf Bee 


ere i 
1 VATA BITS FRAME BIT 


FIGURE 43 


TRANSMITTER TIMING 


Pulse period T. This signal is modified by a “frame format= 
per’ which selects an individual frame of lenecth 2Z(n+l))T “and 
melows Clock pulses to occur only durimge the firceman |) 


pulse periods of each frame, as shown in Figure 44. A data 


CLOCK OUT: TEE ts 
7a bs al 
FRAME 
FORMATTER pe —_ [ ese oe 
OUT (.—————taj 
(nie 
FIGURE S4 4 


DATA FRAME FORMATTING 


eingrt register, previously loaded with the n bits of data 
meets (ntl)th bit a@lways loaded with a “1", or logical 
meaeoh' state. When the data 1s shifted out of this register, 
a serial data stream will be created which adheres to the 
frame format described and will appear as shown in Figure 


45. The first bit of each data frame is always "high" 


65 / 





Zins lt 





Noy 
NUR BS 


FIGURE 45 


SERIAL DATA FORMAT 


SHE REG 
SERIAL DATA = ine 
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ae & sync a | 
| load ee n 
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FIGURE 46 


RECEIVER TIMING 
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followed INmeaiately by 1 Olts=euwudta, Whrcl an turn are 
followed Dy (n+l) fosical  Zeroco. - 

A block diagram of the receiver timing 1S shown in 
Peoure 46. The incoming Sromeadmeis ted 0 a Serial imput 
eiitat register and also to a=arame pulse generator which, 
when triggered produces an output pulse of width Ty, where 


py . V'¢ < (Gara) 2 


imother words, the trallinegeedve ot athusenn lsc occurs dug 
magethe last.of the dataspulisesce whachyoccupacsmthe (naa) cn 


slot of the data frame, as shown in Figure 47. 





SERIAL a 2 a 

DATA: tH 
oy 

RECEIVER ib = 

FRAME | 


PULSE: aaa mar | | 


FUGUE 47 


RECEIVER FRAME PULSE GENERATION 


The leading edge of this frame pulse is used to synchro- 
meee the receiver master clock, which 1s designed to 
wimchironmae on every Z2Z(ntijth of its pulses. The output of 
mae clock 1s used to pulse the input shift register, which 
causes the incoming data to be serially entered into the 
register. Assuming that the frame pulse is in fact gener- 


ated by Chest i poebitmOtsithemincomane frame, the trailing 
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edge is now used to trigger parallel loading of the buffer 
Becister at precisely the @raiewtnat “the n bits or data’ are 
Dpeesent in thesshift@eecgister. 

If, because of a transmission error or a system mal- 
munetion the first bit Ff 2 dara rtranesas not set. tie 
feeciver frame pulse will then be @enerated by the next 
available “high" pulse, thus causing loss of synchronization. 
mor analysis of this) preblemjeceusucer ethic worst case | 
example, that is the frame pulse is generated by the last 
data pulse, which is in position (n+l1)T in the data frame. 
Since it has been specified that the pulse width of the frame 


piese Sacistied 
nT x Ty < Gah yy 


then the trailing edge of this particular frame »nulse will 


occur at time t, where 
(Zig I Wh = ec < Zee 


weach simply states that it will not overlap the first bit 
of the next incoming frame. Thus, the next data frame will 
Mesynchronize the system, resulting in loss of synchroniza- 
tion for only one data frame. Therefore the PCM data is 
successfully retricved at the receiver with a minimum loss 
of information. 

An apparent disadvantage of this synchronization method 
iecnat for one halGi of the time, no data 1s transmitted, 


implying that data would have to be transmitted at a double 
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rate of a normal PCM system, thus resulting in a larger 
bandwidth requirement. However, it was stipulated that this 
€oncept is intended for use in a spread spectrum system, 
where bandwidth spreading is the prime criterion. The 

Sy NChtoOnizatwon, schememthenpemcadiiy Jcndseiutselt to such a 
System since it actually enhances the spreading process, and 


provides the additional advantage of minimizing data loss. 
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APPENDIX C 


SEND AND: RECEIVE SPROGESS er DETAILS 

The schematic wiring diagram of the send processor is 
depicted in Figure 48. All component pin connections are 
labelled by pin numbers and all resistor values shown are 
in ohms. A functional description of each "module" is given 
icine following narrative, 

The “Audio Preamplifier” wa@msists of 2 type N5SS8yV 
penal Operational Amplifier" antegratedmeircuit. Its tune 
cron this applications to accept an audio signal from 
a microphone and amplify this signal to the full scale input 
range of the A/D converter {+/- 5 volts), which was accom- 
plished by connecting the two operational amplifiers in 
series. The first amplifier stage has variable voltage gain 
ranging from 0 to 1000, and the second stage has a fixed 
main of PO. 

ine A/D) “convertemmasea ZELTEX@model 2ZD470 8-bit conventen- 
Its purpose is to digitize samples of the audio preamplifier 
Seput upon command from the timing cirenitry. Only the 
mirec mOSt Significant bits of the binary result are used in 
Gis Circuit, and these@jare presented in parallel format to 
mac 'OUtput Shift Register." 

Cits epee rsa oem pe wile A0ceeohart multipurpose reg. 
meer, and 1t performs the primary function of parallel-to- 


Serial data format conversion. In its loaded state, the 
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register contains a frame of data in the following format: 
Dit 1: most Sil¥gmittve@ bit of the audio sample. bit ez. 
second most Sieneereant data but, Dito: Meehind most seni 
Sicant data bite bre 4: always seu to a feomied! i 
as shown by sthiespin 5 Gonnection. has igh? Dit wseryecwac 
the "frame bit'’ which is used by the timing circuitry in the 
FeECe1IVe PrOGessor tO ACHIEVE "CArcultesy NGO 72eron am ic 
data 18 shaited serially out of this registerwine tie prope. 
format by the timing waveform CP. 

The "CLOCK Generator" consists of a single integrated 
GC1YCuLt O type NESSS “Tamers  Tts primer, met ore eo 
produce the master clock waveform CLOCK with variable param- 
eters Of puise width and pulse repetition frequeme,. 

The *“Saimange -lbopic’ consists ot etnree die ta eunte crated 
Circuvis;= 11) a [TL 7495 4-bit bina, countcr- mea 
7404 hex inverter and (3) a TTL 7400 quad two-input NAND 
gate. The 7493 is a ripple counter and is used as a three 
Dit counéer in this applicationy™= fe 1@ ise pmlcecas, selon 
producing the output sequence shown in Figure 49. Note that 
a three bit binary count 1S periodic oVer €reht pulse periods. 
which is the overall length of the data frames used in the 
MODEM. This sequence used by the remainder of the logic 
circuitry to generate the timing waveform CP and the convert 
Start pulse 6S, whach, usine the lopi@eamammeables gshown in 


Figure 49, are defined by the following logic equations: 


@e = (1) .cenecia 
6S= (Mp 6 (x2) 


ad 


0 0 0 

0 0 1 GP 
0 1 0 

0 il 1 

1 0 0 CS 
i 0 1 } 

1 1 0 

il il 1 


0 0 0 (Periodic) 


PEGUERES 49 


BINARY “COUNT ERO PUPS STATES 


where a primed (') variable designates the logical complement 
Ofethat variable. Ihese equationsmmercly State Ganat GP 

Mill be a@ sequence of four pulses oGGuring durimneernce: i.e 
malt otfweach frame, of cight pulses and CS wi liieeea logic 
bevel that is “high during the fiteheand saeth podise pewtod. 
Of GCach trame. ‘This 1s illustraved@iyethe Labeliige in 
Pious 49. 

The format of CP is such that the data frame format ad- 
Meres to that required by She synchronization concept and Cs 
occurs such that data samples will be taken, digitized and 
passed to the output shift register during the Latter half 
of each preceding frame. 

Figure 50 shows a schematic wiring diagram of the digital 


portion of the receive processor and Figure 51 shows the 
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Schematic for the analoey orvaudie portion. The following 
paragraphs describe #he components iigustrated. 

Refer to Ficure vst) (iesaiimiesdata stream, QD 15 2e0 
Emiultancously to the’ inp Shim. Kegister'’, a type TIE 
7495 multipurpose 4-bit register, and the "Word Pulse (WPD) 
Generator". The latter component 1s simply a one-shot 
multivibrator, type TTL 74121, whose output is triggered by 
the occurrence of the leading edge of an input pulse. The 
Sptput pulse is of variabileewadth, so tChemtraiting cdgeset 
Meecan be Sct to any desivedspesi tic. 

The "Phase Lockediicop™ “VEL ) type NEsbS hase esa Ge 
free running fLrequeneyesctsat ayvaluc approximately vequaiy tc 
Eat of the master CloGiagin=the Send processor.) 1iioe1c 
eeome so that in the Case Jotesynenronization !0ss, tne. .c- 
g@uency differences will not be so preat that the Capture range 
ot the PLleis excecded eee rny soreclidinge wire- ids iii moe miemec 
mcO. The output ofsthe VCO gece ied to the “VCOmyiaic Ce oaiigce 
mich 1S another dik, /4i7Zwone=-shot multiviprator.. wach 
acts as a pulse width control fom tiesc LINING. pUlSCS.aaunc 
eutput of this multivibrator isthe actual timing sequence 
fered) used in the remainder Gf tne cic tny. 

CPD is uscd to clock Unie Miimout Shift Reeister” and vis 
also used to drive thew sCPs Genemator™ which extracts every 
eighth pulse of the incoming sequence. This is done through 
tie use of a TTL 7493 binary counter and a TTL 7400 quad 
Evorinpuc NAND gate.9 The biiaeyecoumnter produces the same 


Sutput Sequence deprctedwin aplre 49, and the output of the 
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entire logic sét SatiShiles sememiou1c Cquation 
CP8 = (x ejeaies2)- (X35). 


This pulse is then fed to one input of the phase comparator 
iputs of the PLL ger ekotnc weep e Or Input ebe tie aay en 
by WPD. This is the stage at which the synchronization 
concept described in Appendix B actually begins. 

Once synchronization asmoptained, the incoming davies 
enen shifted througi@the. TnpursonitteReotrstem | ance ane 
Brailing edge of WPD i1ssuseds toe clock tne paral let cima. 
®f this register Into tite Simemer Register. Seward 
type TIL 7495 multipurpose 4-pit register; Used inv asnceaiac 
pace-tripgppered paral le Manpesnode.  Uhas reels tcmeune a 
holds the data at the inputseot the “D/A Converter a5 ZELIEX 
model ZD430E1, which converts the binary representations 
into an analog form. 

Referring now to Figure 51, the analog output of the D/A 
converter is fed through a simple low-pass resistor-capacitor 
melter, to the "Audio Preampietier) which “consists Joes gic 
hoo5SV operational amplifier. The low-pass filter smoothes 
out. the D/A converter output prior to amplification by the 
medio stages. The output orweliecspreamplifier is then ted 
mo the final stage, which 1S°a MFC 8010 “Audio Power Ampii- 
mer . iIhis stage 1S USsedeto Ggevelop the power necessary to 
amive an external speakewwewatemeisc the final stage of 


processing in the system. 
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APPENDIX D 


DETAILS OF Tiger CE ELEMENTS 

The schematic wWirincgeemacram ct tie hr pulse generate, 
Zs shown in Figure 52, “Whnewtollowime discussion trerers to 
the description of the components in that diagram. 

The data stream generated by the send processor (Q) 
1s fed to a MC 1545 “1b Sywgtenea Analog Gate tore weon 
the actual switching function in that component. The signal 
input to the gate 1S provided by a crystal controlled fee 
TUNNING OSGI atten wiesewGencer Eveccuengy 15771) 
hertz. The voscillatopecensistceprimarily Of aC 
differential anpliticr gee ame eel OSC lato eee 

The output of the analog gate then cComeists oUepmis ss 
of the 21.35 megahertz@tiequency, the width of which @ame 
determined by the pulses contained in Q, and this waveform 
is then fed to a “power splitter", which 1s a MERRIMAC @p- 
Z0-300, MOD 2. The Pesultamme output. is then’ fvoe idence rs 
Channels of pulsed RE, Witeiecal besused te drive thesGomua, 
complementary coded ASWD's. 

Figure 53 depictS enemeemeratte wiring diagram oO: tre 
correlation pG@ak d@lectOpmummimc Incoming correlation peak 
waveforms, which result from the summation of the individual 
autoconmelation LUNCCIONseeoelicedm, sene receme AGWD, are 
fed through a type 1N277 diode which performs the function 


of Vextracting the envellopememmenc incoming Signal. 
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This envelope 1s them ted sto a 944/710 Comparator, sviien 
produces an output pulse of fixed width (equal to 6 micro- 
seconds) whenever the input waveform crosses a predetermined 
threshold. These pulses are then modified in amplitude and 
width bya TIL #enZs musty bratemmewiiich produces therrc- 
Sultant output sequence QD, compatibie with the Iogic 
circuitry in the re@eivesprecessor 1 Nem ares Gee co 
adds the feature of pulse width control, which was necessary 
to compensate for an occasional drift in the receive proc- 


essor timing frequency. 
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APPENDIX E 


QVERALLYSYSTEM AND P@WER SUPPLY DETAILS 

To alleviate the problem of supplying the various DC 
voltages to the active units of the MODEM from separate 
power supplies, a single supply source was fabricated, the 
schematic Wiring Gdiapram of wheachois depecte@ein Figure 542 
The “heart'@ofsthe supply aismeomprised of tyoez5l Ex modula: 
power units, models ZP5500 and 2M15200, which are capable of 
delivering 5 volts DC at 500 milliamperes and 15 volits DC at 
200 milliamperes respectively @ As Shown in Poe ees ce 
outputs of these modules were fed to a network of zener 
@iode and resastor combinations to derive thevingiyidudal 
woltages required) by each active device. The actual dierira- 
bution was based on the power budget of each device and the 
capabilities of the two power modules. 

In its final format, the MODEM was physically packaged 
into functional modules which were interconnected by RG-58 
coaxial cable. With the exception of the surface wave 
devices, which were equipped with SMA type connectors, all 
cable connections were of BNC type. The microphone and 
speaker plugs consisted of simple telephone type jacks. 

Two additional features included in the packaging of the 
DOUEM €Omsistedmotvext@ermalMtest point connections and ¢x- 
Perna aajyustment of wariagblle parameters. In the send 


WrOCesctmee Che Nt~CSE DOimts were taken from CLOCK and CP to 
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Facilitate trouble cneoeting Greene timing circuitry. ) The 
parameters that can be externally adjusted in this device 
are the pulse width and repetition frequency of CLOCK. 

In the RF peak» detector unies the external adjustments 
of QD pulse width and comparator threshold voltage are 
DLroOVided, 

The final Unit, the receive processor, iacmues tt) peice 
connections to CPD and WPD, and external adjustments of WPD 
pulse width and the free running frequency of the voltage 
COntrolledmoser..vaver . 

The overall conbinagtion of test points@and "extennas 
adjustment ports provide the capability of maintaining the 
working status of the MODEM without the necessity of gaining 


internal access to Whe noaules., 
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